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3U MLMARY 0F AN NUAL RFPORT "0. i t

ST',e iurpose of this research is the synthesis and biolo.ical dviLuItijfI
-it ani)4 .) i-Lcholinium (riC-3). L'Mesea .r_ .x'Pnt% wh~ich Ic.L2

cl-s.nerlic neurones to synthesize acetylcholine. The lonL-r.Iq,
-,- _3, :- sarch !i to develon coarpounds which cmn he usud t .Li ,.L,:

"."c'S .!Cetylchoiine vithin a choliner.,-ic synapse. 3o*e poss~lle .n~r.Ic:,.
.- .ire I lecrease the content of acecylcholine wiithia the choliner.,iLc tu,.,I',

by •nterfering aith synthesis, (2) desensitizing cholinergic receptors I.t
7o-'--n..tic qites, (3) decreasing the release of acetylcholine fruc, Lilo
,-auroae bIv iLabillzin. tha membrane or via pre-synaptic receptors which when

00.t'!IL~d 411 iiainish the azount of ccetylcholine released inLo the synas;e.

!iui f~ar 3 ajents have been prepared and evaluated for activity. Tano ,r
,he aýents. wnich are quarternary amines, approximate HC-3 in activity and the
tertiary amine derivative is approximately 1/500th as active as HC-3. VieN litter .aent is the first active non-quarternary amine to be reported. The
'-iolo,,ical assay procedures which have been develoged to evaluate these a'ýents
ire as follows:

1. iith cerfor-ance liquid chr ,ato~r.aphy with mlectrochenic.il Ieetectton
has been introduced to assay tissue levels of acetylcholine. The lower limits
of sensitivity is about 10 piM.

Thirty minute incubation of 10 mg of rat caudate nucleus with HC-3-S1Like compounds result is decreased tissue levels of acetylcholine. This is a
convenient and definitive assay procedure for hemicholinium-like activity.

3. labhit sciatic nerve-gastrocnemius muscle preparation is used for in
vivo evaluation of neuromuncluar blocking activity. 4

4. Rat phrenic nerve-diaphragm muscle preparation* are used for in vitro
assay for inhibition of neuromuscular transmission.

2
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!r%?-. . -robl-2m: V e obJct Of L1iLA r-r*-!

ind SioLo.'ical ',v.aluacion of analogs of hemicholiniu. ,whtch :wmhic

decr.-.?a the svnthe.is of acetylcholine. Compounds l, tLtýi -er,, ,-.r . ',•r '

"r) :it.|,loni ._ chotine uotake into the cholinadrlic neu:on and iIhibCt .!lcoLi ': C
-preceptors. This is one theoretical approach to decrease the imooint of

. cetvlcholine within a synapse. S

it. Sack:round: %t the University of Iowa, Hemicholinium (IC-3) and i .'Ir

aub.ber if analogs were synthesized from 1954-1969. Depending on th!

.,tructure. a number of the agents were inhibitors of acetylcholinesterasc

ind/or ag.ents which inhibited the synthesis of acetylcholine (HC-3-Like).

selected acetal derivatives of HC-3 antagonized nicotinic 14cr.ts

Siicotine and large doses of acetylcholine) without nodifying ganglionic

transmission. Also it was noted that selected agents were very toxic (L-50

cr HC-3 in mice is approximately 20 ug/kg). HC-3 is the prototype compound

or inhibiting synthesis of acetylcholine and it has been used as a tool Ln

many published studies. Our studies will provide structure-activity

relationship data for these very active agents.

III. Approach to the problem: The molecular structures of the agents is

"designed to provide information concerning interatomic distances between the

cationic moieties. Knowledge of optimal substitution o,. the cationic head

Swill be gained. aiologicl evaluation will include those synapses known to

have considerable turnover of acetylcholine. We will use inhibition of

transmission at the neurosuscular junction and inhibition of synthesis of

acetylcholine in the caudate nucleus as our major test systems. The toxicity

of the compounds will be evaluated, as well as their ability to alter DFP-

induced toxicity.

5
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S

v.•LheLic work loading to a cyclohexane cong¢ener 1, of htemtcli.itin .:C-

3-) ,ý:is "en e-tabli.qhed on the hasis of definition ot the :;eo-.eLrv o, '.c

AS

-0

H3 C/ CH 3

(O HO

HOC
HC 0

3HC3
cH3 N

HC- 3- 3/ •H

Preparation of 1 is shovw in Scheme 1. The initially formed product 7 £ of

catalytic hydrogenation of dimethyl biphenyl--,4'-dicarboxy-late t is a mixture

of all possible geometric isomers (traus/tranh; cis/trans; cis/cis)1 . Heating

this mixture at elevated temperature in a bomb under reduced pressure induces
S

isom-rization to the trans/trans isomer 4j. Conversion of cne bis-diazoketone.

11 into the bis-bromoketone ýt is based upon a method of Wagner and Moore 2 .

Schueler 3 proposed that keto aminoalcohol's such aa 13 (Scheme I) exist in the

hemiketal structure as ihown for I and 2, and indeed, spectral data confirm

this structure for

5



.h: ;vnLheric approach to the phenanthrene-dertvod -

tn,'ý1ves preparation of phenanthrene-t,7-dicarboxylic acid 1I, and iz shown i:1

lche-e It.

HO 0'-c. +> CH

oH 
3

H3 C CH 3

Scheme II. Preoaration ef Phenanthrene-1.7-Oicarboxylic Acid.

11 CH COH

H 3C

The starting material retene is available comrcially; we have also

prepared it by dehydrogenation of abietic acid4 . Oxidation of retene k with

K3 Fe(CN) 6 by a method of Ruzicka.et al., 5 gave extremely poor yields of 16,

due to an uncontrollable further oxidation of the desired product A to a

* biphenyltetracarboxylic acid. Satisfactory yields of 4. of high purity were

attained b7 oxidation of retene with aqueous sodium dichromate in a bomb at

elevated temperature, according to a method of Friedman, et al. 6  This

oxidation has now been scaled up and the reaction conditions have been S

, optimized. Ample supplies of 16 will permit elaboration of the carboxyl

6*.

• "-. .... J,. , ,:- '.. • . _,, .>..2,'..,"tt.X -• •o',j ..,'2 .=.. ,, J .".,,.. ,• i,'. .- .-'... " ".". .. ,.,". ".,".,,". - _, S



* ri' ?s f 7C-i

li *nt.'.,ttc *ýfforts ta~dInfr to the 2.Z'-di-*thv11.tnIh,!v1 1:r.'iV

*'~'~?-v* snthetic itm oittlined int Sch.t-We U!Tý

3 H-

.H HC CH
-,3 3I; -1-t Ln tn 3t.e ~p 2') 1 1 (Schetqe lItI) are low: deiuAve aot ,et

w.1,m~. conditions. ovedctaIes, -# obtain prap-4atiLve u.nJLi

7~ .. ki ~ ~ :riparid ii~ -

~nrsynLhesized ior Lurther and extetndcdi studicp. 7%z synthetic rnote I

4:iown In acflerne IV.

l[ C ;- H -C4 \ H -C H -N _H 2

OH OH

HC 1 2 23

CH3 OH OH CH 3

FH

'C7

% %
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I

":T.i• •.cinn ,!!.qcribes synthesi.- of all compounds prepar,!d rn *:. t. ,,,r

'L 1--,t.,o t :.7-,re ,e]et rmined i. i open :.tlass o:.io .ri .-. 'I

"•'cnr.oetLed. `lenrental analyses were performed by GalbrntLh T..ivor.ri •.

""Tn':i . r.n.sqee. IR spectra were recorded on a ;Teck.-n j " T

.. tru:en'. ;'.'IR spectra were recorded on a Varian A\sCLe.; .'-•'"'

L.strumenL using tetramethylsilane as the internal. 3tandard. !i. ;:'.'tr'

-,:bre obntained on a Ribermag 10/10 mass spectrometer. Preparative HPLC was

..,,n! atLh a "'sters 500 A Prep HPLC apparatus.

.~."-t,,.•±.Lbiphenyl (4). Anhydrous ,\LCl 3 "'..-7 ,, •.'4)

ArtLh mixture of 10 mL of CS2 and 1.54 ; (0.01 ool) of Miphenyl.

lcetyL chloride (1.57 g, 0.02 ool) was slowly added, and the reaciLon mixturc

was aently heated in a water bath until evolution of HCl ceased. *rhe CS., was

re-moved inder reduced pressure (aspirator) and the residue W;as treated with

ice and excess dilute HCi. The solid which separated was collected on a

filter and air-dried. It was recrystallized from EtOR to give 1.97 g (83%) of

material, mP 189-1900 C. Lit 7 mp 192 0 C.

Biphenyl-4.4'-dicarboxylic Acid (q). Technical grade calcium

hypochlorlte (50 g) in 200 mL of H20 was treated with 35 g of K2 CO 3 and 10 g

of KOH in 100 mL of 120. The resulting mixture was agitated vigorously until

the initially formed gel became fluid. The suspended solid was removed by

filtration and was washed on the filter with 100 .mL of H0 which was added to

the filtrate. To this solution in a 2L flask was added 3 g (0.0126 mol) of 4.

.rd the -•ixture was stirred and heated at 75-850 C for 5 h. The reaction

mixture was treated with 10 g of NaHS0 3 in 40 ml. of H2 0, and was then cooled 5

"to r,:on temperature. Excess conc IICI was carefully added, and the white qolid

BEST AiAhILABLE COPY



r - -_ _ _ _ _ - - - - - -_ _ _ _ _ _ _ _

Si:• .arited -' collected on a filter, washed •ith H -. w ird ii

jas recr:qtaillized from EtOH to afford 2.8 g (93%) of a white ioLid. .1:

n5o'lC. Lit"• p > 250°C. IR (KBr) 1759 cm-I (COo01).

imeth:l �Siyohen yl-4,4'-dicarboxy•late (6). Compound 5 (3 . jt

•r"erin 75 L of anhydrous MeoH and 2 drops of cone HS heaied 0 inder rofA ui

fhe or 1e, oavs. The resulting mixture was cooled, transferred to s .i.1Lnr*tr

-" unnel. -ind diluted with 200 mL of H20..ý The resulting mixture was,a (!Xtrnc.'dL!

"rowith The ethereal extract e washed with 5% NaHC03, d2n, lne ur rLed

with aqu Evaporation of the Et2s left a solid which was recryoallizt;d onica

""-filerom t0 ogive 2.8 g (85%) of product, mp c05-206eC. Lit:R 14, 3 1.71

,IC.3) 1729 cm-) (ester C-0). NDLR (CDC13) 63.98 (s, aH, This), m.teri.l w

• "V8H ,\rom H).

, imethhl Bicyclohexyl-4o4'-dicarboxydlaAte (7). Followin d a fation

tprocedured, 3 g (0.011 ml) of 6 was hydrogenated at 50( C in 1000 ml of AcOs in

vthe resence of 0.05 g of PaO2 .When uptake of H2 ceased, the catalyst was

"removed by filtration, and the filtrate was diluted with H20 and neutralized

"with aqueous Na2CO3. A solid separated (3.0 g) which was collected on a

,,filter. TLC: analysis (Si02, CHC13) indicate d 3 components. IR (CliW13 1710

'4hcm-0) (ester C-0). NrR (CTCi3) showed no aromatic H. This material was

;-.. utilized in the next step without purification.

.°.. trans/trans-Dimethyl Bicyclohexgl-&4,4-dicarboxylate (k). A modification

... of a patent procedureI was utilized. Product 7% (2 g, 0.0071 mol) was heated

"""overnight with 0.5 g of NaOH in 12 mL of MeOH and 5 mL nf H20. The MeOH was

: ~removed by distillation, and excess cone HUZ was added to the aqueous

iixture. The white s•olid which sep•arated was collected on 1 filter, wasshed

-aith H20 and air-dried. This material was placed in a bomb tinder reduced

pressure (15 r) and the bomb was heated at 25 0 °C for 2 h, then at 300 0 C for 2

12 BEST AVAILABLE COPY



inn i, H :'Y) -L of 'ieOH and 2 mL of conc l2,S0.,, and wns li:iL,.d ,v.,rni 6;%

.,od!r I.tu'. The r.,action t-dxture was poured over Lco ice .in .,-. I i ;

"•Lj." :i.; ;.9ar.aLcd .:4s coLlecLed on a filLar, ,2s()ed wtLi .12 r-.:r.

:ecr',;vtalilLed fron 9:1 A.eOH-1' 2 0 to afford 1.46 g (73%) of wZhiLLL cry',;tL.L, -.p

: .-I L.•'C. :,l.a p &16°C1 , 100-1014CI. I PLC analysis (Sit), Lol.iIne-,>...,

.:I) i:ati..ited the ,,utLerial Lo be homogenous. .*iR (C"C1 3 ) ,i 1.c-2.3 ,

iiph 0), 3.o (s, 6Ri, 011 ). IR (KBr) 1690 cm-1 (C-O).

trtns!trans-3icyclohexvl-4,4'-dicarbonyl Chloride QV. - solution of

-.. " (0).0)14 mol) of 8 and 8 g of 'IaUH in 100 niL of MeOH And 80 mL of '•..) 0a

":�~1. intaer refluax f.)r 12 h. The :.eOH was removed under reduco.,d prassur-.

tid '.he .iqueous solution was acidified with ccnc HCI. The solid t.:htch

-enarated i:as collected on a filter, washed with H20, and carefully air-dried.

To 0.8 g (0.003 mol) of this naterial was added over 5 min 25 nL of

'ZM,1',. and the rasulting mixture was heated at .150 0 C for 12 h. Unreacted

SOCl 2 , was removed by repeated azeotroping with benzene, to leave 0.86 g of a

brown oil. IR (nest) 1785 curl (COU). This material was -used in the

subsequent step without further treatment.

trans/trans-4,4'-bis(Diazocarbonyl)bicyclohexyl (11). A solution of 1.5

g (0.005 rol) of crude ý in 100 ml, of anhydrous tetrahydrofuran was added

dropwise over 15 min at 0°C to a stirred solution of 2 mL of triethylamine and

alcohol-free diazomethane (prepared from 21.5 g of Diazald' 0 ) in 100 mL of

anhydrous Et20. Stirring was continued for an additional 3 h under N 2 . The

ceaction mixture was filtered, and the solid on the filter was washed with

several portions of anhydrous tetrahydrofuran. The combined filtrate, and

•ashLngs were evaporated under reduced pressure, and the residue was

ctroa.Atiqraphed on Sir 2 by s dry column technique .nd was eluted with ethyl

BEST AVAILABLE COPY
13



,.tn.,;'.,,inzene,/CIC13 (2:4:4). The solid obtained fron .!, I

recrv,.talltzed fromn benzene to afford 1.2 g (80%) of fine ,rystal,, 7p 5)I9-

1(•.°C. ', tKBr) 2100 (N.N), 1720 cm- 1 (C-0). TtR (COC1 3 ) ,• 0.5-2.) (m. .:'.

.atiph R), 5.2 (s, 211, COCO!N2 . MS m/e 302 (M+).

"Anal. Calcd for C1 6 H2 2 N4 02 c, 63.58; H, 7.28; N, 13.54. Found: (,

.3.b3; H, 7.59; N, 18.42.

.rans/trans-4,4'bis-(bromoacetyl)bicyclohexyl. (12). To a soluLtion of

0.25 g (0.0006 mol) of 11 in 10 ml of pentane was added with stirring at room

temperature 20 c/L of 48% aqueous HBr, and the reaction mixture was permitted

to stand several hours until evoluation of N2 ceased. The pentane layer .w.as

' wasned 41th H2 0 to remove HBr. The combined aqueous washes were neutralized

with 5% NaHC0 3 , and this mixture was extracted with CHCI 3 . The combined "C1 3

extract and pentane solution was evaporated under reduced pressure, and the

residue was chromatographed on SiO2  and eluted with 9:1 benzene/eLhyl

.cetate. Evaporation of the eluate gave a light yellow solid which was

recrystallized from toluene to give 0.164 g (67%) of product, mp 148-149 0 C.

.MR (COCl 3 ) 6 0.8-20.0 (a. 20R, aliphatic H). 4.1 (s, 4H, COC.2fBr). IR (KBr)

171 cm-I (C-0).

Anal. Calcd for CI6 H2 4 Br2 0 2 c, 47.06; H, 5.88; Br, 39.92. Found: C,

47.36; H. 5.74; Br, 38.80.

. trans/trans-4.4'bis-(2-(2-hydroxy4,4-dimethyl-1 ,4-tetrahydrooxazinyl)}

bicyclohexyl (1). To 0.1 g (0.00025 mol)of 12 in 15 mL of anhydrous

tetrahydrofuran, under N2 , was added with stirring at room temperatur'_ 0.45 g

(0.005 el) of dimethylamincethanol in 2 mL of anhydrous tetrahydrofuran. The

"reaction iixture was stirred for an additional I h. The solid which separated

wiO collect-d on a filter and was recrystallized from EtOll-EL2 0 three tim s• to

"Afrord 0.143 X (991) of white crystals, tp 239-2400 C. IR (KBr) 3200
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\nal. C•.zLd for C•4;l,4rN'N0 4 (Karl Fischer I!,,O ).26.) C. :i.b:

•i: ', ", . 7J .oun.d C. 46.50); H, 8.04; N, 4.73

1 e;ia j5Lhrene- PE,7- EcarboHvlic Acid (1). &-1eLehvL-7-i.opropy.ph,. n-

-1301rene C"rztene") ,I (1.5 g. 0.06 rnol) and 1043• (0.36 rnol) ,of , ,d.z:,

"" L of 4,&.) ,era heated in a bomb At 250C for 20 h. IChe ,:ooltd VM,)'L,,,,

.) t!•e bomb were filtered, and the filtrate was acidified with I'-. HCL. A\

white -olid separated which was collected on a filter and washed with H.O and

.iir-dried Lo afford 12 g (75.) of crude acid product. This material wa s

. . :.s :'e ester. \ 1.7 . (0.006 mol) aiample was LreaLtd '4L11

• ,•cs in Rt20. Evaporation of volatiles provided a solid reqidue which

gas -urified by HPLC (S1O 2 /CH2 C12 ) to provide 0.52 g (30Z) of a white solid, S

np 152-1530 C. Lit 4 np 151-152 0 C. 11S m/e 294 (MR). NM. (CDC1 3 ) 6 4.03 (d,

hil. oC_ ), 7.25-9.0 (m, 8H, arom H,.

2.2'-Dimethvl-4,4'-diaminobiphenyl (20). 4 vmixture of 100 g (0.72 mol)

of r--nltrotolzene, 168 g (4.2 mol) of NaOH, 140 S (2.14 g atom) of Zn dust,

370 •L of H20, and I L of NeOH was heated under reflux with stirring for 12

h. The hot reaction mixture was rapidly filtered through a sintered glass

filter and the heavy emulsified filtrate was extracted- twice with Et2O. The

coobined ethereal extracts were washed with H20 and the organic layer in a 5 L

flask was treated with 1.8 L of ZtOH and 280 mL of conc HC1. The resulting

mixture was heated on a steam bath to remove Et 2 0, then it was heated under S

reflux for I h. The reaction mixture was cooled and the solid which separated

wAs collected on a filter. It was washed with EtOH to give 40.3 R (391) of a

"t:te 1o90,1. A small *mount of this was treated with N•140il to liberate the

free haqe which was recrystallized from petroleum other (bp 35-600 C) to -ivo

15 
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,•l~ l,, ... Q.-4, ".1 99-1000C. AL 11I m p 101-102')C. N•IR ••(t• ,

,;. C1). 3.29 (s, l4H, N'41), 6.39-6.96 (mn, 611, arom 10.

* a''-Dic,..ino-2,2'-dlaethy1biDhenyl (21). Compourd .') (14 z, .. 'h .)

• ,ili,, tiz' d in 200 0L of I{20 and 41 g of conc !12SO,4  ith 9.1 • ," ,.

53C. Cuj(CN), was prepared according to a procedure of Theilicker Lnd

;).ei.owskiI-. To this Cu2 (CN)., suspension in H20 was slowly madded, .•ith nuti..

st rrir , the diazotized solution. Frequent heating on a ,;L,.u;: -,Li

.4i.ninished frothing. The temperature was brought to 75°C •and was ,nmintL.in..'d

with nanual stirring for 40 min. The reaction mixture was filtered and the

"filter cake was washed with 500 mL of 3M H2 SO 4 , then with I L of I1-,U, then it

w.s air-dried. The dried cake was transferred to a Sohxlet thimht .iý',d :,- '"-i

"-tr.acted ".Ith EtOH for 12 h. The EtOH extract was transferred to .i lar'.e

4eparatory funnel and it was diluted with H20 to throw out a yellow solid.

This mixture was extracted repeatedly with Et 20. The pooled extracts were

.-. tr-icted with 3 portions of dil NaE', one portion of 3N HC1, and 3 portions

of 11,0. The Et 2 0 was evaporated to leave a brown syrup which was mixed with

20 mL of EtOH. This mixture was heated to boiling, and upon cooling slightly

a brown tar was deposited. The supernatant was decanted, and upon further

cooling, a yellow solid separated, mp 106-1080 C. Lit 1 2 mp 113 0 C. Yield: 3.5

g (23:). M (CDCl 3 ) 6 2.03 (a, 6H, C23), 7.07-7.56 (m, 6H, arom H).
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V. Methods - Biology

1. MPLC-EC Assay for Acetylcholine

A method for the determiration of acetylcholine has been p

developed usir.ng HPLC wich electroehemical detection (IIPLC-EC) based

on the method of Potter et al (1983). This method uses reverse

phase HPLC to .;eparate acetylcholine and choline. The effluent S
emerging from the column is mixed wiith acetylchoIines terase and

choline oxidase. This mixing is post-column. Choline and choline

produced by the hydrolysis of ACh is converted by choline oxidase to

betaire and hydrogen peroxide. Hydrogen peroxide production is then

monitored electrochemically.

Choline + 202 + R20 choline oxidase betaine + 2H 2 0 2

Protocol p

The mobile phase consists of 0.01 X sodium acetate wffered to pH 5

with 0.02 K citric acid containing 5.0 mg/liter sodium octyl sulfate and

1.2 mK TMA. The enzye solution consists of 0.2M sodium phosphate

buffer pHl 8.5 to which is added I unit/ml choline oxidAse and 2 units/ml

of seetylcholinesterase. The pumping rates of the two buffers are 0.80

al/ain and 0.05 al/min respectively to bring the pal in the reaction co~l

to pH 8 (optimna for acetylcholinesterase). p

The assay system consists of Itheodyne 7125 injector with a 100 ml

sample loop, And a Supelco C-18 15 on deactivated for basic compounds

reverse-phase column. The effluent from the column flows into a teflon p

tee connector %here it mixes with the edzyme solution and enters a

reaction coil of 30 a of 30 gauge teflon tubing. This coil provides a

2.5 min delay to allow for enzymatic reactions. The effluent then

passes a platinum electrode: the potential is set to +0.5 V versus a

18
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K®
A.1: ~C.r.atrence alactrodli for the dletect tOn of 14,0, Tha nnij ttion

is mcasurud usinq a SAS LC-45 detector.

%Ch and Ch stand4ards 're prepared daily in 0.01 perchloric acia

(PC%). Styhlho'2ocholine (EHC) is used as the .internal itandird and

tissas samples are homogenized in 0.0l4 PCA containing 200 pmoles

ekHC/1OO ul and allowed to stand on ice for 15 min. The samples are

centrifuged and 100 ul samplas injected onto the column. ACh content of

10 m of tissue is deter-mined.

Uesults

At the time of this progress report the HPLC method for

determination if ACh using (Potter et Wl) procedure with modifications

is sensitive enough to determine ACh content in discrete areas of the

CNS. The limit to our sensitivity is approximately 10 pooles. This S

sensitivity my be further improved with the addition of a pre or post

column pulse dampner to decrease baseline noise.

Preliminary data have shown this method to be a reliable and * *
accurate procedure for measuring ACh levels. ACh content in the caudate

nucleus has been measured at 40 nmoles/g tissue following

decapitatiom. This is in agreement with other laboratory results using

various other assay methods and decapitation.

Studies are presently being conducted to study the effects of

hemicholinium-3 (2) and various other analogs on ACh content in the rat

caudate. This procedure involves decapitation and rapid isolation of

0.2 =m slices. These slices are then incubated for various times in

either Kreb's buffer or Kreb's buffer with experimental compound.

Preliminary result3s indicate that on incubating the caudate slices with

Kreb's buffer only, ACh content is 80-100 nmoles/g tissue. This is

,' .," 19
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to .\Ch content 12ve!,lq "und `or microwave %tilled an.ani-1. h hur'2

no ACh deiradation occurs. Incubating with 10-54 ý shows a marked.

decr.ease In ACh content. Though data are in preliminary stages, 'this

nethod of incubating in Kreb's or Kreb's with drug and then extraction

in 0.01 1 PCA with EHC is a possible method to investigate the

mechanisms by which hemicholinium-3 or hemichnli-tium-3 like compounds

produce their biological effects.

Of equal value to the goals of this research, this technique will

allow us to state whether or not an experimental compound Is ý-:Like.

Compounds may inhibit neuromuscular transmission by various mechanisms,

but inhibition of acetylcholine synthesis which is reversile by choline

is strong supportive evidence for 2-like activity. Oecrease in tissue

levels of ACh will be needed as we attempt to antidote toxicity

following inhibition of acetylcholinesterase.

2. U.abbit Neuromuscular Junction

Dutch rabbits weighing between 1.8 and 2.4 kg are anesthetized by p

intravenous administration of 250 mg/kg of phenobarbital sodium. The

trachea is isolated and respiration is supported by a Harvard

respiration pump. One of the jugular veins is cannulated for

intravenous administration of compounds.

One of the sciatic nerves is isolated and sectioned centrally and

bipolar platinum electrodes are placed on the distal end of the sciatic

nerve and attached to a Grass S4C stimulator. The parameters of

stimulation are as follows: every 10 seconds tetanic stimulation is

delivered for 0.2 of a sec at 200 Hz. The pulse duration is 0.2 msec at

maximal voltage usually 20 volts. The knee and ankle are attached to a

solid mount and the tendon of Achilles is isolated and sectioned. Ten

' I20



aL• • •piek-n R-,611 recorder* Srtimulations are ,app~itt 911,l ,'n, W III,.A

: % ierl loWurs. In eost preparations conLr2rLt•4 '*4. e:.-..

one-oal .1Gl1f tour. I'w I:aw nit t:

.. cteastaq doses varied by 0.3 log intervals ,anLiL ,:tosie .:.ir:'

tra ,,otaitno4. 'Use to produce maximaL iahtbitio't LI ., I ,I .,I - , tot a

I An. ToLowvtnq the highest done of the r.o3pound ri.H tit,..:.-:.zrt :.

ii'lks. is administered Intravenously to test its .mnL.kI:onLiLl' 1c-.t.u

ia:nst the neurous.:ular blockade.

3. ua. Phrenic 3erve-')iaphraim Preparation

SdismP. -its .ire killed by a blow to the h.od and I " ..

Optn*d 4nd phrenic nerve and a fan-shaped iinphngra on ,int: Aite

"L.cludia. one rib is isolated 4nd placed in Kreb's solutton. (:-s/L-

VaCl, 5.54; KCl, 0.35; ,•0S0 37 1120, 0.29; CaC1 2 , 0.2S: lU.,P0, ,t.15:

":alCO3 , 2.1, glucose, 2.1).

The phrenic nerve-diaphragm Is attached firmly to a holding clamp

in an Isolated bath preparation and bipolar silver electrodes ire

threaded around the phrenic nerve. The parameters of stimulation are as

follows: every 10 sec a frequency of 200 Rz is delivered for 0.1 sec.

The Pulse duration is 0.2 maec and maximal voltage, usually 10 V. The

compounds are added to the bath and concentration is varied by 0.48 log

Intervals. The time required for additional doses of the compound will

be 30-60 minutes. Choline chloride, 10 mg/l is added to test the

antagonistic effects of this agent.

4. Antagonisn of Phvsostj•mine Toxicity

'lice weighing 20-24 g are pretreated 30 ainutes with the Agent to

be tested. Physostimine Is then administered intrsperiotonromlyv in a

BEST AVAILABLE COPY
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,•q•. -f Idl ,qk. 11ThI4 Is Sufficient to produce 7O-•U) ,.'.

, 10 ~re~edtcated a•-Muas* 1"ar detailed studies shifts in the entir, ,:u',

r..•pn'ns@ curve of physoattiMine fis evaluated.
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", X,%t1'.4 - 'c'tve "levteholtnium Analos:m.

. T6e follovtng compounds are currently beLng evaluaLed.

I .,... I 1

'. ,3 '
23 Ct *

Compound Inhibition of the rabbit sciatic nerve

gastrocnemius muscle. ID5O -Jg/k- IV (95%

confidence limits)

4*3 3.4- 6.1)

;.:

2,370 (1,880 - 3,050)

'.4t

23 2.3 (1.5 - 4.4)

approx, 6 (n-2)

:1

BEST AVAILABLE COPY

23



7!e nattern of action for neurnmuscular inhibitinn appears verv -;tiilar

for all of the above compounds. (See Figs. 1-4) The onset of action is i,)w

ind the inhibition of transmission is long (hours). The :,1rot-iu.Sctu;ir

""-lockade of all agents is reversed by choline.

"• We are evaluating the compounds in the rat phrenic t!rve-di.apliragn

preparation. Compound 23 appears Lo be tiore active Lhan a dnd - b" M') ),IL
p.%

1/10 as active. tJe have no suggestions at this time to explain LtI i;par~nL

differences of relative potency for vs 2 in this pre.aration vs Liie rl.onti

sciatic nerve-gastrocnemius muscle preparation.

2. Antagonism of physostigmine iduced toxicity

Apomorphine, 10 nt/kg. Admini3tered 0.5 hour before I? administriLion 'it

physostigmine significantly antagonized the toxicity of physostivnine in

i.ice. Raloperidol, 1 mg/kg. administered with apomorphine prevented the

protective action of aposorphine.

The following compound which w have previously reported to be a very

"; active dopamine receptor agonist failed to antagonize the toxicity of

".2 physostigaint.

•,C HC

'0 3.K N 3H7-n_ • HEr

Other dopamine receptor agonists will be evaluated. Also all tertiary

amines which are 2-like will be evaluated for their ability to modify

physostigmine induced toxicity.

;.- 24



ic'cd'1LJ -i ,oiist3 and these compounds wtill be screened f~r iarotective 1CLLi~i1.

~~. ~ ~i na

J. The activity of 2 is approximuately the same -is w4e f3oine ii the

:'ast.

4 *'om~ound 22, though only about 1/500 active as in Lh± -jj

lei

nerve muscle preparation, is a tertiary &nine. This iS the fiVSL

report that 2-like activity has been observed for a nan.4tudturn;Lry

amino. Mott-quaternary amines =ast be developel if they ire wo he

active on the central nervous system followidn~ ;vsL2rmnc

administration.

c. Compound 23 appmears to be more active than ~.The toxicity of this

compound should be marked.

d. Compound kis a potent 2-like agent. This chemical structure

represents a nowu structural appro~ach and hopefully we can use it

and analogs to bet~ter estimate charge and spatial distribution on

the receptor. The biphenyl of 2 Is not required for activity.

V111. kecomaendations

More research data are needed to determine fully the pharmacology of the

above chemical entities. Whether the highly active quaternaries or have

potential use, we do not kcnow. The discovery of an active tertiary amine, 22,

offers the possibility of inhibiting synthesis of acetylcholine within the CNIS

* following systemic administration.
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